controls had no serious neurological or mental handicap. 2 were severely disabled and mentally retarded. Detailed studies of psychological function showed no significant differences between the two groups. 2 apparently stillborn infants have made normal progress. It was not possible to identify any perinatal factor which predicted the occurrence of serious handicap with certainty. We considered that the quality of life enjoyed by the large majority of the survivors was such as to justify a positive approach to the resuscitation of very severely asphyxiated neonates.
Perinatal asphyxia is a major cause of morbidity and mortality in the first week of life. The survivors have long been recognized to have an increased risk of handicaps such as cerebral palsy, mental retardation, epilepsy, deafness, visual impairment, and disorders of learning and behaviour in later childhood. With modern advances in perinatal care a reduction in the prevalence of handicap in surviving children is anticipated.
The Apgar score (Apgar, 1953) is widely accepted as a means of assessing the severity of birth asphyxia. Several studies have shown a significant correlation between low Apgar scores at 1 minute (Drage et al., 1966; Richards et al., 1968; Dweck et al., 1974) and at 5 minutes (Drage et al., 1966) and the incidence of neurological abnormality in survivors. Drage et al. (1966) found that the 5-minute Apgar score gave a better differentiation than the 1-minute score in this respect. Most published studies to date report the neurological and psychological status in preschool children who were asphyxiated at birth as assessed by low Apgar scores at either 1 or 5 minutes of age. Studies of school age children are required to assess fully the extent to which birth asphyxia impairs their capacity to learn.
This study was undertaken to determine the neurological and psychological progress of a group of children now aged 5-10 years, who suffered severe birth asphyxia as assessed by an Apgar score of 0 at 1 minute or <4 at 5 minutes of age. Their outcome is compared with that of a control group. um complications age (±2 weeks), and social class was taken from the Controls (n=29) same population by using the first consecutive hospital unit number which fulfilled these criteria.
0
By so selecting, the mean difference in chronological age between cases and controls was 2 * 7 weeks (range 0-14 weeks). All controls had an Apgar score of 8, 9, or 10 at both 1 and 5 minutes of age, and established regular spontaneous respiration within the first minute of life. Mode of delivery and intra-2 (vertex) partum complications are given in Table 1 , and postnatal behaviour summarized in Table 2 .
ofhead)
The sex and the mean values for birthweight, 2 gestational age, and age at study of cases and controls 0 are given in Table 3. approximately 1 minute's duration. All cases were admitted to the Special Care Nursery where they received full supportive care.
Using the data of Thomson et al. (1968) , 22 out of the 25 born after 37 completed weeks of pregnancy were of appropriate birthweight for gestational age, and 3 light-for-dates (<10th centile). Of the 6 preterm infants, 4 were of appropriate weight for gestational age and 2 light-for-dates. Although monitoring for asymptomatic hypoglycaemia was not an established practice at this time, none of the infants investigated had a blood sugar <30 mg/ 100 ml (1-7 mmol/l). Apart from one case who developed neonatal intestinal obstruction due to biopsy-proven Hirschsprung's disease, there were no major congenital malformations. 6 infants were jaundiced but none had an indirect serum bilirubin concentration of > 13 mg/100 ml (220 mmol/l). The number of cases exhibiting various abnormal postnatal behavioural features is given in Table 2 .
Controls. For 29 of the 31 cases a control infant matched for sex, birthweight (±250 g), gestational Neurological assessment. A full history of developmental progress, behaviour, and the occurrence of convulsions was taken from one or both parents. The school medical records were examined with particular reference to vision and hearing testing, speech defects, and behaviour difficulties. Neurological examination was based on the methods described by Paine and Oppe (1966) . Visual acuity was tested using the Stycar 7-letter card (Sheridan, 1960) in the few children in whom it had not already been recorded by a consultant ophthalmologist or school medical officer. Hearing was tested using the Stycar Picture Vocabulary test (Sheridan, 1958) when the results of pure tone audiometry performed by the school health service were not available. At the completion of the neurological examination each child was given an overall rating on a 4-point scale according to the presence and severity of neurological abnormality and the resulting physical handicap (Rutter et al., 1970 (Kirk et al., 1961) and the Bender-Gestalt Test (Bender, 1946) were used in the assessment by a psychologist who was unaware of which children were cases and which
controls. The ITPA is designed to test the psychological functions which operate in communication activities. The subtests show defects in (a) 3 processes of communication, i.e. receptive, expressive, and associative; (b) 2 levels of language organization, the automatic (e.g. role learning, speed of perception), and the representational level which requires the more complex mediating process of utilizing symbols; (c) 2 channels of language input, i.e. auditory and visual, and output, i.e. verbal and motor.
Comparison of the individual's score with the average for his peer group is possible, and a standard score is calculated for each subtest. An overall estimate called the Composite Psycholinguistic Age is also derived and from this the Psycholinguistic Quotient (PLQ) is calculated.
Psycholinguistic age PLQ= x 100. Chronological age PLQ is comparable to, but not identical with, intelligence quotient (IQ). A PLQ of <70 represents a significant degree of mental retardation.
In the Bender-Gestalt Test, protocols were scored using the Koppitz (1963) difficulties in visuo-motor co-ordination or visual perception. An individual's score can be compared with the norm for his age group to ascertain whether impairment is significant enough to indicate organic brain damage.
Results
The follow-up of the 43 survivors is shown in Table  4 . At the time of study 10 children could not be Controls of sufficiently low birthweight could not be found for 2 cases. 1 boy (birthweight 1080 g at 27 weeks' gestation) at age 51 years had no neurological abnormalities and a PLQ of 109. The second boy (birthweight 1245 g at 28 weeks' gestation) aged 10 years had no neurological abnormalities and a PLQ of 100. Both children had a Bender-Gestalt performance which was below average but within normal limits (see Fig. 2 ).
Neurological examination. Table 5 shows the overall neurological ratings for the cases and their controls. group.bmj.com on June 20, 2017 -Published by http://adc.bmj.com/ Downloaded from although, as shown in Fig. 1 , the cases performed better on the auditory association subtest. The mean scores of case and control groups were identical for 3 subtests. Score distribution for the automatic and representational levels of organization did not differ significantly in the 2 groups. On a graph of Bender- Gestalt test performapce of cases and controls plotted with the standard age curve (Fig. 2) , the cases were significantly more often below the curve, i.e. showed better than average performance more often than the controls (cases 73 % below, controls 31 % below, x2=9.3, P=001).
It is noteworthy that the 2 children (Cases 1, 2, an above average PLQ score which was higher than that of their controls, and also a better BenderGestalt performance.
Incidence of serious mental and neurological handicap. As shown in Table 9 , 2 cases were both severely Case 4 was a spontaneous vaginal delivery at 41 weeks' gestation weighing 3000 g. 30 minutes before delivery the fetal heart dropped to 88/min, and at birth the cord was tightly wrapped round his neck. Apgar score was 2 at 1 and 5 minutes. Although given intermittent positive pressure ventilation via endotracheal tube and intravenous sodium bicarbonate immediately, he responded poorly and took 60 minutes to establish regular respiration. He was hypothermic, markedly hypotonic with absent Moro reflex, and weak high-pitched cry. He convulsed intermittently for the first 5 days and required tube feeding for 2 weeks. Now, at age 7 years he is severely mentally retarded, epileptic, and quadriplegic.
Discussion
Those who care for severely asphyxiated newborn infants are sometimes faced with difficult decisions about the extent to which resuscitative measures should be applied. On the one hand there is concern that vigorous and prolonged resuscitation could lead to the survival of a severely handicapped child who might otherwise have died; on the other hand nonintervention might deny such an infant the chance of a normal or near normal life. Because of this dilemma, we felt it would be valuable to review our group.bmj.com on June 20, 2017 -Published by http://adc.bmj.com/ Downloaded from experience of resuscitation of very severely asphyxiated neonates.
To examine the impact of perinatal asphyxia on development and learning capacity, studies of school age children are essential. Studies of younger children are useful but may not uncover subtle deficiencies in learning skills. The longer the follow-up period, however, the more out of date becomes the perinatal care received. Fetal heart monitoring and scalp pH measurements were not yet in use. The cases in this study were treated in a modern special care unit, but very early introduction of milk feeds and monitoring for asymptomatic hypoglycaemia were not standard practice at that time. Many adverse factors in the perinatal period and later childhood influence eventual neurological and psychological status, making it difficult to identify the part played by birth asphyxia alone. Several of our cases had mechanically traumatic deliveries, but none had serious hyperbilirubinaemia, meningitis, or later head injury.
An unfortunate result of the long follow-up period is that 3 children (7% of total) have been completely lost, though there is no reason to believe that their removal from the area was related to the occurrence of handicap.
In any long-term study involving intellectual assessment, environmental and genetic influences must be considered. Ideally, sibs should be used as controls, but as only 2 cases had sibs of suitable sex, birthweight, gestational age, and Apgar scores, controls had to be taken from different families of the same social class.
Despite these difficulties our results are encouraging. Apart from 2 severely mentally and physically handicapped children all the survivors examined (72% of the total possible) are leading normal lives and attending ordinary school. Their intellectual performance is in fact slightly, though not significantly, better than that of carefully matched controls. Information about a further 21 % of the total, not examined in the study, indicates that they too are making normal progress. Cases and controls were drawn from the total population of the city and suburbs of Aberdeen, whose social class distribution is similar to that of Scotland as a whole.
There is an extensive literature on the long-term sequelae of birth asphyxia. Comparison between studies is difficult because of differences in population, nursery practices, and interpretation of abnormality at follow-up. The wide variation in criteria used to define birth asphyxia creates a particular problem in this respect. James (1960) has shown that infants with a 1-minute Apgar score of <4 have biochemical evidence of severe asphyxia. It is reasonable to assume that our cases were at least as severely affected. Drage et al. (1966) , in the Collaborative Project of the National Institute of Neurological Diseases and Blindness reported that 7*4% of infants with a 5-minute Apgar score of <4 had neurological abnormalities when examined at 1 year of age. In the present study 3 out of 29 (10 * 3 %) infants with a 5-minute Apgar score of <4 had definite neurological abnormalities. Drage et al. (1969) found no consistently significant mean IQ score difference between 4-year-old children with a 5-minute Apgar score of 8-10 and a 5-minute Apgar score of 0-6 except in isolated instances, when controlled by maternal education, birthweight, and race.
In an earlier study of Aberdeen schoolchildren who survived varying degrees of birth asphyxia defined by the times taken to first gasp, regular respiration, and first cry, and whose birthweight was >2500 g, Fraser and Wilks (1959) found no lowering of IQ and only doubtful impairment of some motor functions and perceptions as compared with controls. Millar and Neligan (1968) found a low IQ in 5-year-old Newcastle children only when onset of regular respiration had been delayed beyond 30 minutes after birth.
We were reassured to find that our 2 successfully resuscitated, apparently stillborn children were functioning normally with PLQs of 119 and 111. Scott (1974) Benaron et al. (1960) suggested that birth asphyxia does not produce a generalized lowering of function but rather overt abnormality in isolated cases. Brown et al. (1974) The occurrence of cardiac arrest did not influence outcome in our survivors but in each case the duration was short. Our experience is in keeping with that of Steiner and Neligan (1975) who found that if cardiac arrest was of less than 5 minutes' duration and ifregular spontaneous respiration was established within 30 minutes thereafter, the prognosis appeared to be uniformly good.
This study indicates that the quality of life enjoyed by the vast majority of survivors of severe birth asphyxia justifies a vigorous approach to resuscitation. It was not possible to identify any factor that predicted with certainty the severe degree of handicap which unfortunately followed in a few individuals. 
